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Abstract 

Fractures are important in terrain evaluation toward understanding the tectonic history, groundwater accumulation, and environmental 
planning for an area. Automatic lineament extraction and analysis constitutes an interesting approach in groundwater mapping. Satellite 
remote sensing offers the prospect of studying lineaments in deciphering the degree of fracturing and groundwater accumulation. This 
paper focusses on delineation of lineaments by applying LINE Algorithm on NigeriaSat-X (22m resolution) imagery covering the Owo 
area of Ondo State. The NigeriaSat-X was found as most suitable in automatic delineation because of its high resolution. Six (6) 
parameters: RADI (Filter radius) for improving the quality of the input image, GTHR (Gradient threshold), LTHR (Length threshold), 
FTHR (Line fitting error threshold), ATHR (Angular difference threshold) and DTHR (Linking distance threshold) for lineament 
discrimination. In total, 1122 lineaments (in all directions) were digitally identified. The extracted lineaments have minimum and 
maximum lengths of 1500.04 m and 7195.8 m, respectively, with a total length of 796174.59 m. The average lengths of the lineaments 
for the NW-SE, NS, NE-SW, and EW directions are 2001.40 m, 2006.62 m, 2015.65 m, and 2140 m, respectively. The distribution of 
lineaments according to the four tectonic directions is as follows EW, NW-SE, NS and NE-SW directions respectively, 33.16% (372 
lineaments); 25.67% (288 lineaments); 20.86% (234 lineaments) and 20.32% (228 lineaments) of all extracted lineaments. An evaluation 
was made to show the relationship between the extracted lineaments, geology and groundwater propensity in the study area. Results 
indicated that areas with high propensity for groundwater targeting exist where there are high concentrations of lineaments. This study 
further confirms the usefulness of NigeriaSat-X satellite imagery in groundwater exploration, particularly on basement complex terrain. 
Keywords: remote sensing and GIS, lineaments map, lineaments density, NigeriaSat-X, groundwater, Nigeria. 

1. Introduction 

Recent methods of analyzing remotely sensed data to delineate fractures and discontinuities in hard rock terrain could 
possibly be used to further improve water well siting strategies. Using satellite remote sensing techniques that improve 
temperature, vegetation, and water content variations, through which groundwater recharge and/or discharge zones can be 
identified. The application of remote sensing technology can be found in a wide range of academic disciplines, but it is 
particularly useful in the fields of structural geology, mineral exploration, and groundwater investigation. Lineaments are 
characterized as mappable linear surface features that are unique from the patterns of surrounding features and that 
apparently reflect below ground phenomena. Linear geological structures have long been a focus of study for geologists [1, 
2]. Earlier in the 20th century, the term lineament was first used. [3] was one of the first geologists to examine lineaments 
and recognize that these patterns are the result of weak spots or structural displacement in the earth's crust. Remote sensing 
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and GIS technique offer new prospect for hydrogeological investigation. Groundwater studies frequently use high resolution 
satellite images because of their higher spectral and spatial resolution [4, 5]. In order to determine the geology, soil, 
lineament density, drainage density, rainfall, and land use for maps that show the presence of groundwater, these factors of 
higher spectral and spatial resolution are taken into consideration [6]. Lineaments are also interpreted in terms of 
topographic depression, watercourse alignment profiles, vegetation alignment, and linear ground tone anomalies [7]. These 
are the easiest to understand from the extended visual field obtained from GIS and remote sensing technology. Investigative 
drilling and various stratigraphic analyzes are the most reliable and standard methods for determining the location of 
boreholes and the thickness of aquifers [1, 8]. However, these groundwater survey methods are not time- and cost-effective 
and usually require skilled personnel. Various researchers also use geophysical exploration techniques to explore 
groundwater resources in different types of geological structures [9-12]. On the other hand, due to the insufficient accuracy 
of the in-situ analysis, the results and interpretation of the geophysical survey can be verified by using borehole data. The 
emergence of Remote Sensing and Geographic Information System also provides a cost- and time-effective method for 
evaluating and managing groundwater resources [8, 13, 14]. Geographical information systems provide spatial data 
management and analysis tools that can help users organize, store, edit, analyze, and display information about the location 
and attributes of geographic data [15-17]. In recent years, digital and space-based technology has been widely used to 
integrate various data to solve groundwater-related problems, including delineating groundwater potential areas. Various 
information of hydrogeological significance can be extracted from remote sensing data [11]. The analysis of remote sensing 
data of topography, geology, geomorphology and linear features is a comprehensive method that helps to effectively assess 
groundwater potential areas [14]. The principle objective of this study is to use automatic extraction techniques to extract 
lineaments from NigeriaSat-X satellite image for digital lineament analysis and then use the results in the evaluation of 
groundwater potentials. However, the geospatial analysis performed by Geographic Information Systems (GIS)  such as 
lineaments' density, length, and orientation will contribute to understanding the relationship between the extracted 
lineaments and the groundwater potentials in the study area. 

2. Study Area 

The study area lies approximately between latitudes 7o 00′ & 7 o 30′ N and longitudes 8 o 50′ & 8 o 20′ E. The area 
extent of the study area is about 2019 Sq. Km. The mapped area is generally lowland with some highlands in some parts of 
the northern region of the study area with elevation up to 700 m above sea level while the south western part of the study 
area is predominantly low lands with elevation at the lowest value around 180 metres above sea level. The study area is well 
drained with the major rivers flowing from north to south as a result of high topography in the north than the south and these 
streams are mostly annual. The area fall within the rain forest zone.  

3. Geology 

Owo and its environs are underlain by migmatite which covers about 69% of the total area studied. Undifferentiated schist 
on the western part and covers about 18% of the study area. Granite gneiss also occurs on the eastern and covers about 8% 
of the area. Undifferentiated granite gneiss and quartz schist mostly outcrops and they occurs on the western and eastern 
parts of the study. (Figure 2). 

4. Materials and Methodologies 

NigeriaSat-X images consist of three spectral bands with a spatial resolution of 22 meters for bands 1 to 3. NigeriaSat-X 
was chosen because of its spectral discrimination of a variety of characteristics that are required for the study. The study 
area was extracted from the scene covering the area. The three spectral bands are provided in the ranges: 0.52-0.62 µm 
(green), 0.63-0.69 µm (red), and 0.76-0.9 µm (NIR). These three bands come closely to those of Landsat-7 bands 2, 3, and 
4 which area is useful in the extraction of geological formations and rock features. Previous lineament extraction studies 
using Landsat had made use of TM, ETM and ETM+ sensors; the corresponding NigeriaSat-X of higher spectral bands with 
a spatial resolution was used in this research. A NigeriaSat-X scene fully covered the study area acquired in the year 2011. 
The details of the NigeriaSat-X data used in the study are listed in (Table 1). It is geo-referenced to the UTM coordinate 
system; Zone 31 North. 
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Figure 1: Location map of the study area. 

 

Figure 2: The geological map of the study area 
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Figure. 3: Flowchart shows steps lineaments extraction and analysis. 

One of the characteristic features of the satellite images is a parameter called spatial frequency which is defined as the 
number of changes in brightness value per unit distance for any particular part of an image. Filtering operations are used to 
emphasize or deemphasize spatial frequency in the image. This frequency can be attributed to the presence of the lineaments 
in the area. In other words, the filtering operation will sharpen the boundary that exists between adjacent units [18, 19].  

In this study, Directional filtering has been used to enhance, extract and classified the oriented lineaments of the study 
area. Directional filters are applied to image using a convolution process by mean of constructing a window normally with a 
(3×3) pixel box of Sobel- kernels filters (Table 1).  
This type of filter was used in order to get a high accuracy in extraction of oriented lineaments because the directional 
nature of Sobel kernels generate an effective and faster way to evaluate lineaments in four principal directions [20]. Four 
filtered images have been produced by using PCI Geomatica software 2014, related to the directions N-S, E-W, NE-SW and 
NW-SE, which are used as an inputs images for auto extraction methods, (Figure 6). 
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Table 1: Sobel filter in four principle directions 

 
 
 
 
 

4.1 Lineament Extraction Procedures 

In this study, automatic lineaments extraction is used to extract lineaments. The key advantage of automated lineament 
extraction over manual lineament extraction are its ability to apply a consistent approach to various images, the speed with 
which processing activities are completed, and its capacity to extract lineaments that are invisible to the human eye. Using 
the LINE module of PCI Geomatica (2014) and automatic detection methods, automated lineament extraction operations are 
applied to the NigeriaSat-X scene covering the study area [21]. Considering the purpose of the study, a NigeriaSat-X image 
with a spatial resolution of 22 meters was chosen for automated lineament extraction [21]. This satellite data is useful for 
differentiating between lineaments and other geological features like different types of minerals and rocks as well as being 
sensitive to vegetation moisture content. 
The software offers a variety of automated extraction strategies. The Hough transform, Haar transform, and Segment 
Tracing Algorithm (STA) are three widely used algorithms that are used [22]. The Hough transform is a method for 
separating features of a particular shape inside an image. The particular feature must be defined in some sort of parametric 
form. The most frequent applications of the Hough transform are in the detection of lines, circles, ellipses, etc. The Hough 
transform's key advantage include being comparatively unaffected by noise and line gaps [23]. 
[24] used the Haar transform to extract linear and anomalous features from the image. This technique offers a domain where 
a certain kind of localized differential energy is concentrated. The transform can be used to improve images because it has 
both low- and high-frequency components [22]. 
The Segment Tracing Algorithm (STA), created by [25], is a technique for automatically identifying a line of pixels as a 
vector element in a digital image by examining local variations in the gray level. The Geomatica software's LINE module 
handles the automated lineament extraction for this investigation. This approach follows a similar reasoning to STA. Where, 
the numbers and lengths of extracted lineaments depend on the input parameter values that indicate the LINE module's 
optional digits in PCI Geomatica program. The three stages of the algorithm for this module are made up of; Edge detection, 
thresholding, and curve extraction. On the other hand, the LINE module extracts lineaments from an image and converts 
these linear features in vector form using six configurable parameters (RADI, GTHR, LTHR, FTHR, ATHR and DTHR). 
According to [18, 19], these parameters are briefly described. 
RADI (Filter radius): This variable describes the edge detection filter's radius (in pixels). The smallest detail level in the 
input image to be detected is roughly determined. This parameter has a data range of 0 to 8192. 
GTHR (Gradient threshold): This parameter provides the minimal gradient level required for an edge pixel to produce a 
binary image. This parameter's data range is from 0 to 255. 
LTHR (Length Threshold): This parameter determines the minimal length of the curve (in pixels) to be considered as 
lineament or for further evaluation (e.g., linking with other curves). Data range for this parameter is between 0 and 8192. 
FTHR (Line Fitting Error Threshold): This parameter determines the largest error (in pixels) allowed when fitting a polyline 
to a pixel curve. Low FTHR values result in shorter segments in polylines, which also provide better fitting. The possible 
values for this parameter is between 0 and 8192. 
ATHR (Angular difference threshold): This parameter determines the maximum angle (in degrees) between segments of a 
polyline. Otherwise, it is segmented into two or more vectors. It is also the maximum angle at which two vectors can be 
linked. This parameter's data ranges from 0 to 90. 
DTHR (Linking distance threshold): This parameter determines the minimum distance (in pixels) that two vectors must have 
between their end points in order to be linked. Between 0 and 8192 are the possible values for this parameter. 
By altering the six parameters, the extraction process can be manipulated. Various lineament maps are produced using 
various threshold settings. Given that these lineaments act as fault lines, the best threshold values are chosen (below). In 
order to establish the threshold values, general fault parameters like length, curvature, segmentation, separation, and so forth 

NW-SE  NS  NE-SW  EW 

0 1 2  -1 0 1  -2 -1 0  -1 -2 -1 

-1 0 1  -2 0 2  -1 0 1  0 0 0 

-2 -1 0  -1 0 1  0 1 2  -1 2 1 
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are taken into consideration. The following parameters in (Table 2) are chosen for this application's parameters. Figure 4a–
4d shows the automatically extracted lineament in the four directions of NW-SE, NS, NE-SW, and EW, as well as the 
lineament map (Figure 5). 

Table 2: Suggested parameters values. 
Parameters Suggested Parameters Values 
Filter Radius 5 
Edge Gradient Threshold 75 
Curve Length Threshold 10 
Line Fitting Error Threshold 2 
Angular Difference Threshold 20 
Linking Distance Threshold 1 

5. Results and Discussions  

5.1 Directional Sobel Filters 

The image was enhanced for extraction of lineaments by using the convolution matrices of Sobel's directional filters in the 
four directions of NE-SW, E-W, N-S, and NW-SE (Figure 3). 

 

Fig. 4. Four filtered images have been produced by Erdas Imagine software 2014, related to the directions (a) NW-SE, (b) N-S, (c) NE-SW and (d) E-W, 
which are used as an inputs images for extraction methods. 
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The lineaments were validated before being used to create the lineament map (Figure 5). Automatic extraction in four 
different directions was used to get the lineaments (NW-SE, NS, NE-SW, and EW). The amount of lineaments by direction 
are displayed in (Figure 6). A total of 1122 lineaments were extracted in the four directions. The extracted lineaments are 
796174.59 m in total length, with minimum and maximum lengths of 1500.04 m and 7195.28 m, respectively. The 
lineaments' average lengths are 2001.40 m, 2006.62 m, 2015.65 m, and 2140 m for the NW-SE, NS, NE-SW, and EW 
directions, respectively. The distribution of lineaments according to the four tectonic directions is as follows EW, NW-SE, 
NS and NE-SW directions respectively, 33.16% (372 lineaments); 25.67% (288 lineaments); 20.86% (234 lineaments) and 
20.32% (228 lineaments) of all extracted lineaments (Figure 6). 

 
Figure 5: Total number of the Automatic extracted Lineament 

5.2 Statistical Analysis of Lineaments Length 
 
In the statistical analysis of the lineaments, it is possible to represent the spatial distribution of the lineaments according to 
the length of the extracted lineaments, this representation shows an inverse progression between the length of the lineaments 
and their spatial distribution (Figure 6).  The results of the analysis show that the longer the lineament, the less is the 
frequent at which it appears. This is observed in the four directions of the extracted lineaments NW-SE, N-S, NE-SW, and 
E-W. The Lineaments length vary between 1500.04 and 5516.80 m; 1501.84 and 4292.05 m; 1506.39 and 5432.55 m; and 
1500.50 and 7195.29 m for the NW-SE, N-S, NE-SW, and E-W directions, respectively (Figure 6). In total, 1122 
lineaments (in all directions) were digitally identified. The intensity of rock fracturing, which is a prerequisite for the 
development of hollow passages over an area, these area are represented by lineaments that were denser. The study area's 
northwestern portion has a comparatively low density, but the northeastern, central, and southeastern portions have quite 
high densities which are prerequisite for groundwater targeting. 
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Figure 6: Frequency distribution and basic statics of the extracted lineaments at four principle directions of Sobel-kernel filter. 
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5.3 Density Analysis 
 
The extracted lineaments from the study area have been subjected to lineaments density. The lineament density analysis's 
goal is to determine the frequency of lineaments per unit area [26] and then create a map that illustrates where they are 
concentrated around each grid cell in the research region. The spatial analyst tool in (ArcGis 10.3) is programmed to 
construct the lineament density in this study by counting lines digitally per unit area (number of lines/km2), which is then 
plotted in the appropriate grid centers and contoured with the same tool. The general directions' lineaments density map is 
created and displayed in (Figure 7). The two prominent lineament trends (E-W and NW-SE) are connected with high density 
zones of the research area, according to the lineament density map. This may show the direction of groundwater movement 
in the area of the study. Areas of relatively high lineament length density were identified as zones of high degree of rock 
fracturing, which are prerequisites for groundwater targeting. 
 

 
Figure 7: Lineaments density map of the automatically extracted lineaments. 

 
5.4 Lineaments Orientations 
 
In all studies involving these structures, lineaments orientation is often evaluated using a rose diagram. These charts display 
the directional frequencies of the line segments that were retrieved for a certain area of the line segment maps for Sobel 
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filters. To determine lineament directions in the portion of the research that was chosen, a rose diagram tool from the 
(RockWorks16 Software) was employed. Using rose diagrams (Figure 8) marked to four principal directions, the orientation 
of the lineaments for various lineaments extracted are compared. The rose diagram also displays four directions (i.e., NW-
SE, N-S, NE-SW, E-W, and in all directions), however they are displayed in varying ranges. The E-W and NW-SE 
directions, however, exhibit the dominance trends. 
 

Lineaments in NW-SE direction 

 

 
 

 

 
Lineaments in NS direction 
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Lineaments in NE-SW direction 

 

 

 
 

 
Lineaments in EW direction 
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Lineaments in All directions 

 

 

 
Figure 8: Rose diagrams prepared from lineaments extracted. A) NW-SE orientation; B) N-S orientation; C) NE-SW orientation; D) E-W orientation E) 
All directions 

4. Conclusions 

This study could be regarded as an effective method for the extraction and analysis of linear geological features over large 
areas. NigeriaSat-X of 22metres resolution has very helpful characteristic. In optimum conditions these characteristics 
enhance the image interpretation especially in structural geology. On the NigeriaSat-X image, Sobel kernels edge 
improvement technique was used with various kernel (windows). The application of the LINE algorithm, which is based on 
the canny edge detection algorithm, has demonstrated a rigorous scientific approach that is based on extraction process 
evaluation parameters, which are parameters for increasing the quality of the in-put imagery (RADI) and lineament 
discriminating (GTRH, LTHR and FTHR). However, the comparison of the extracted lineaments with the geospatial 
analysis performed by Geographic Information Systems (GIS) such as density, length and orientation will contribute to the 
understanding the tectonic relationship between the lineaments and the structural elements in the study area. This study 
extracted 1122 lineaments in total. These lineaments' minimum and maximum lengths are 1500.04 m and 7195.28 m, 
respectively, and their total length is 796174.59 m. NW-SE (25.67 percent), NS (20.86 percent), NE-SW (20.32 percent) 
and EW are the most common directions (33.16 percent). The central and north-eastern part of the study area have higher 
density of lineaments, these zones are made up of migmatite, quartzite schist, undifferentiated granite gneiss, relatively high 
lineament length density were identified as zones of high degree of rock fracturing, which are prerequisites for groundwater 
targeting. The results demonstrate that the integration of Remote Sensing and GIS as well as automatic lineaments 
extraction techniques applied to NigeriaSat-X satellite imagery provides a powerful tool in the assessment and development 
of groundwater exploration plans.  
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